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Description 

[GAS ASSISTED INJECTION MOLDING 
WITH FLXETNO LU M E GAS RESERVOIR 
AND TEMPERATURE CONTROL] 

Cross Reference to Related Applications 

[0001] This subject matter is related to United States Patent No. 

Application Serial No. , entitled "Gas Pin 

With Thermocouple for Gas Assisted Injection Molding" 
(Docket No. LC 0150 PUS), which is filed on the same date 
herewith and the subject matter of which is hereby incor- 
porated by reference herein. 
Background of Invention 

[0002] The present invention relates to plastic injection molding 
systems and more particularly to gas-assisted plastic in- 
jection molding systems and processes. 

[0003] There are numerous known systems for plastic injection 
molding. In conventional plastic injection molding sys- 
tems, plastic pellets are melted in an injection molding 



machine and advanced by a screw ram into a mold cavity, 
typically through one or more sprue bushings, a manifold, 
and/or a hot runner system. The mold cavity is formed 
between two mold halves (a core member and a cavity 
member). The two halves of the mold are clamped, typi- 
cally under high pressure, and the plastic is injected into 
the mold cavity, again under significant pressure in most 
instances. The molten plastic material in the cavity is al- 
lowed to cool and harden in the cavity, typically by a cool- 
ing system which circulates a cooling fluid through one or 
more of the mold members. When the part is sufficiently 
hardened, the mold is opened and the part is removed, 
typically by one or more ejector pins. 
[0004] Some of the known systems utilize a gas in the injection 
molding process and are commonly known as "gas- 
assisted injection molding" systems. In these systems, the 
gas is injected into the molten plastic material through 
the plastic injection nozzle itself, or through one or more 
pin mechanisms strategically positioned in the mold, 
sprue bushings, manifold, or hot runner systems. It is also 
possible to inject the gas directly into the molten plastic 
in the barrel of the injection molding machine. The gas, 
which typically is an inert gas such as nitrogen, is injected 



under pressure and forms one or more hollow cavities or 
channels in the molded part. The pressurized gas applies 
an outward pressure, forcing the plastic against the mold 
surfaces while the article solidifies. This helps provide a 
better surface on the molded article, and also reduces or 
eliminates sink marks and other surface defects. The use 
of pressurized gas also reduces cycle time as the gas is 
introduced and/or migrates to the more fluent inner vol- 
ume of the plastic and replaces plastic in those parts 
which would otherwise required an extended cooling cy- 
cle. The benefits of gas-assisted injection molding pro- 
cesses are well known and include the cost savings 
through the use of less plastic material, producing parts 
which are lighter in weight, and producing parts which 
have better surface definitions and finishes. 
[0005] | n the plastic injection molding art, the usual challenges 
facing the product designer include designing an article 
having the requisite strength for the product application 
and satisfactory surface finish as well as avoiding exces- 
sive weight, surface distortions, and increased cycle time. 
For flat or thin products, it is typical to include one or 
more rib members in the design to provide relative 
strength and structure for a molded article. The rib mem- 



bers are typically thicker than the molded article, and the 
rib members, along with any other desired thicker por- 
tions, increase the weight material usage, and cycle time 
of the plastic article. These members and/or portions also 
often induce sink marks and other surface defects due to 
thermal gradients in the area of the thickened portions. 

[0006] where the rib members or other portions of the article in 
which the gas is being introduced are elongated, it is of- 
ten difficult to provide a satisfactory molded article for 
additional reasons. For example, if the pressure of the gas 
is too great as it enters the mold cavity, there is a risk that 
it may rupture or blow out the plastic within the mold 
cavity, i.e., the gas is not contained within the molten 
plastic material. Also, it is often difficult to have the gas 
migrate along the full length of an elongated, thicker 
plastic section, thus creating a product which has an un- 
even thickness and cooling cycle. This can lead to unde- 
sirable stresses and/or deformation of the molded part. 

[0007] Some gas-assisted plastic injection molding systems and 
processes have been developed in order to overcome 
some of the above-mentioned problems. In some of these 
processes, secondary reservoirs or cavities are provided 
adjacent the molded part or elongated rib members in or- 



der to collect and contain the plastic material which is 
forced out of the article or rib member by the pressurized 
gas. Although many of these gas-assisted injection mold- 
ing systems and processes operate satisfactorily and have 
produced commercially acceptable plastic injection mold- 
ing parts and components, these processes use excess 
plastic material and require excess processing steps. 
There is a need for improved systems and processes in 
the gas-assisted injection molding field which do not uti- 
lize secondary cavities, particularly since such processes 
use excess plastic which often cannot be reused, or which 

requires capturing and regrinding. 
Summary of Invention 

[0008] An object of the present invention is to provide an im- 
proved gas-assisted injection molding system and pro- 
cess. It is another object of the present invention to pro- 
vide an improved gas-assisted injection molding process 
and system for making plastic parts and components in 
which a secondary cavity is not utilized or required. 

[0009] it is also an object of the present invention to provide an 
improved method and system for injection molding plastic 
parts with structural rib members and the like, particularly 
elongated members. It is a further object of the present 



invention to provide a gas-assisted injection molded sys- 
tem and process in which the introduction of gas and 
plastic in the mold are controlled in order to provide a 
satisfactory product in an improved and more beneficial 
manner. 

[0010] it is a still further object of the present invention to pro- 
vide a gas-assisted plastic injection molding system and 
process which does not depend on time-distance or pres- 
sure to trigger the injection of the gas into the plastic ma- 
terial. Some conventional methods utilize linear position 
of the ram or machine screw in the injection molding ma- 
chine to determine when to inject the gas into the mold. 
This is often unreliable and is limited by the condition of 
the molding machine and any wear properties of its com- 
ponents. 

[0011] | n accordance with the objects of the present invention, a 
system and method for gas-assisted injection molding is 
provided wherein a fixed volume gas reservoir is utilized, 
and the activation of the gas injection is controlled by a 
thermocouple or equivalent device which senses the melt 
temperature of the injected plastic material. After the in- 
jection of the plastic material into the mold is initiated, a 
fixed volume-variable pressure gas storage chamber or 



reservoir is activated to inject gas into the flowing stream 
of heated plastic material. The gas from the fixed volume 
reservoir enters the plastic material at a relatively low 
pressure and forms an initial cavity in the plastic material, 
particularly in the designated rib member or thicker por- 
tion. At a preset temperature, the volume of gas in the 
reservoir is released into the mold. This allows the mass 
in the rib member or thicker section to be displaced into 
other portions of the mold cavity. 

[0012] The activation of the gas injection from the fixed volume 
reservoir is controlled by a temperature sensitive device or 
sensor, such as a thermocouple, which senses the melt 
temperature of the plastic material as the plastic material 
passes over it or adjacent to it. The temperature sensitive 
device or sensor can be incorporated in the gas pin itself, 
or positioned adjacent to the gas pin along a surface of 
the mold cavity. In this regard, the gas pin can be a modi- 
fied ejector pin modified with placement of a thermocou- 
ple positioned in its center. 

[0013] The temperature sensitive device can also be adjustable or 
movable relative to the surface of the mold cavity as nec- 
essary in order to be able to effectively time the activation 
of the gas injection from the fixed volume reservoir. The 



temperature and timing depends on a number of factors, 
such as the size of the molded component, the type of 
plastic material utilized, the volume of the hollow section 
to be produced in the rib member or thicker portion, the 
speed and pressure of the plastic injection, and the like. 

[0014] Once the gas from the fixed volume reservoir is injected 
into the plastic material, the remainder of the plastic ma- 
terial is injected into the mold cavity. Preferably, the plas- 
tic injection process is continuous. Once the mold is filled 
with plastic material, additional plastic material is packed 
into the mold cavity. In this regard, as the plastic material 
flows through the mold cavity in order to fill it, the low 
pressure gas volume in the rib member or thicker portion 
will extend substantially along the full length of the rib 
member or thicker portion, creating the requisite hollow 
portion for the component or molded part. 

[0015] Thereafter, pressurized gas is introduced into the molded 
part through one or more gas pins which pressurizes and 
fully forms the hollow cavity in the rib member or thicker 
portion, and at the same time forces the plastic material 
against the walls or surfaces of the mold cavity, creating 
the desired superior surface characteristics on the molded 
part. 



[0016] After the pressurized gas is introduced into the molded 
part, the fixed volume reservoir is recharged. Once the 
plastic has cooled and solidified sufficiently, and the gas 
is vented from the hollow portions of the molded part, the 
mold is opened and the part is ejected (preferably by one 
or more ejector pins). 

[0017] | n an alternate embodiment, a fiber optic sensor or mem- 
ber could be utilized to detect the presence of plastic ma- 
terial passing over it in order to trigger the release of gas 
from the fixed volume container. 

[0018] with the present invention, the use of secondary reser- 
voirs is unnecessary and the existence of hesitation marks 
on the molded products is illuminated. The inventive sys- 
tem and method also do not depend on time, distance, or 
pressure to trigger the injection of the gas. The use of 
pressure to trigger gas injection, for example, often al- 
lows the gas to advance beyond the melt front, creating 
an unacceptable product. 

[0019] The above objections and other objects, features, and ad- 
vantages of the present invention are readily apparent 
from the following detailed description of the preferred 
embodiments for carrying out the invention when taken in 
accordance with the accompanying drawings and ap- 



pended claims. 
Brief Description of Drawings 



[0020] FIGURE 1 is a schematic diagram of a preferred embodi- 
ment of the present invention. 

[0021] FIGURE 2 is a flow chart depicting the elements of a pre- 
ferred embodiment of the present invention. 

[0022] FIGURES 3A-3E illustrate steps in use of a preferred em- 
bodiment of the present invention. 

[0023] FIGURE 4 illustrates the use of a gas pin and associated 

thermocouple in accordance with a preferred embodiment 
of the present invention. 

[0024] FIGURES 4A and 4B are cross-sections of the gas pin 

member illustrated in Figure 4, the cross-sections being 
taken along lines AA and BB, respectively. 

[0025] FIGURE 5 illustrates an alternate thermocouple mechanism 
which can be used in accordance with the present inven- 
tion. 

[0026] FIGURE 6 illustrates an alternate embodiment of the 

present invention. 

[0027] FIGURE 7 is an enlarged view of a combined gas pin and 

thermocouple of the type shown in Figure 6. 
Detailed Description 



[0028] The present invention is particularly suitable for providing 
hollow rib structures for structural reinforcement of deco- 
rative or non-decorative trim components and panels us- 
ing gas-assisted plastic injection molding systems and 
processes. A preferred embodiment of the present inven- 
tion is shown in Figure 1 and designated generally by the 
reference numeral 10. In this regard, even though the 
present invention is illustrated and disclosed in accor- 
dance with one or more preferred embodiments of the in- 
ventive system and process, and is described for use with 
rib structures, it is to be understood that the present in- 
vention is not limited to such preferred embodiments or 
uses. Instead, the present invention should be entitled to 
the scope afforded to it by the following description and 
appended claims. 

[0029] The system 10 shown in Figure 1 includes a mold 12 
which is positioned in and part of an injection molding 
machine 14. As is commonly known in the art, there are a 
number of injection molding machines which can be used 
to inject plastic material into a mold cavity. Plastic pellets 
are melted in the injection molding machine and advanced 
by a screw ram into the mold cavity 14. In this regard, in 
the example shown in Figure 1, the mold cavity is pro- 



vided in the shape of an interior door panel 16 for an au- 
tomobile or other vehicle. The door cavity includes a map 
pocket 18 which has a rib member 20 along the open up- 
per surface thereof. In accordance with the molding of 
this particular product, the rib member 20 is preferably 
molded with a hollow cavity in it for various aesthetic and 
manufacturing reasons. 
[0030] Mold cavity 14 in mold 12 is formed or machined in the 
precise shape of the final plastic component to be manu- 
factured, which in this case is the interior door panel 16. 
The two mold halves of the mold are connected to platens 
(not shown) on the injection molding machine which sep- 
arate and close in accordance with the injection cycle and 
system. The injection molding machine 14 also includes a 
nozzle member (see Figure 6) which is placed in contact 
with the mold and which injects molten plastic material 
melted in the plastic molding machine into the mold cav- 
ity through the nozzle. Also, in the examples shown, the 
plastic material is injected into one end 22 of the rib 
member 20. 

[0031] a gas pin member 24, which can be of any conventional 
type, is also positioned at or adjacent the end 22 of the 
rib member 20. Preferably, the gas pin member extends 



into the mold cavity 14 in a conventional manner and 
which is described in more detail below. 

[0032] Pressurized gas from a gas storage or generator mecha- 
nism 30 is injected by means of a pressure controller 32 
into the plastic material in the mold cavity through the gas 
pin member 24. The gas can be provided to the pressure 
controller 32 from any conventional source, such as a gas 
generator, pressurized gas bottle, or the like. All of these 
are known in the art and are conventional, and do not 
need to be discussed or set forth in more detail herein. In 
the system 10 shown in Figure 1, a check valve 34 is pro- 
vided between the pressure controller and the gas pin 24 
so that the gas only proceeds in one direction and cannot 
return to the controller. The pressure controller 32 regu- 
lates the flow of gas through conduit 33 to the gas pin 
and thus into the plastic material in the mold cavity. 

[0033] The pressurized gas can be any conventional gas that is 
conventionally used in gas-assisted injection molding 
systems and processes, such as air, carbon dioxide, nitro- 
gen, or the like. Preferably, however, the gas is an inert 
gas such as nitrogen which is commonly used today. 

[0034] The pressure controller 32 is also utilized to fill a fixed 
volume reservoir 40 with a defined quantity or volume of 



gas. The reservoir 40 can be of any conventional type. A — 
centralized controller 42 is utilized to operate a two-way 
valve 44 and allow gas from the pressure controller to fill 
the fixed volume reservoir 40 during each cycle of the 
gas-assisted injection molding process. The controller 42 
also controls a second valve member 46 which is posi- 
tioned in the conduit 48 leading from the fixed volume 
reservoir 40 to the gas pin 24 and mold cavity 14. The 
controller 42 can be any type of conventional controller in 
use today, and preferably is a computerized controller 
which can be programmed to act in the manner described 
herein. 

[0035] The system 10 also includes a variable flow control or re- 
strictor 50 and a check valve 52. The flow restrictor 50 
and check valve 52 are positioned in the conduit 48 be- 
tween the fixed volume reservoir and the gas pin member 
24. 

[0036] a temperature sensor or sensing device 60, such as a 
thermocouple, is positioned in the mold 12 in order to 
sense the temperature of the molten plastic material as it 
flows out of the nozzle and into the mold cavity. The 
thermocouple 60 is connected to the controller 42 by a 
conduit or electrical lead 62. The thermocouple 60 can be 



incorporated into the gas pin 24 or positioned adjacent to 
it in the mold, as shown in Figure 1. 

[0037] | n accordance with one preferred embodiment of the 

present invention, the thermocouple 60 is positioned in 
the gas pin member 24, as discussed below with reference 
to Figures 6 and 7. In this regard, the gas pin member 24 
can be of any conventional type, such as a modified ejec- 
tor pin mechanism. 

[0038] The gas pin assembly as shown in Figure 4 consists of a 
parting line removable shank and shaft combination with 
an associated adjacently positioned thermocouple for 
temperature sensing. The gas pin assembly also includes 
a tapered seal along with O-ring seals for improved pres- 
surization capability. 

[0039] a flow diagram of a preferred method or process in accor- 
dance with the present invention is shown in Figure 2 and 
indicated generally by the reference numeral 70. In accor- 
dance with the inventive process, the mold 12 is closed by 
the injection molding machine. This is shown in Box 72. 
Thereafter, the plastic injection is initiated by the injection 
molding machine into the mold cavity 14 in the mold. This 
is shown in Box 74. Thereafter, once the temperature sen- 
sor or thermocouple 60 senses a preset temperature of 



the melt flow of plastic material in the mold cavity as it is 
injected, the controller 42 operates the valve 46 and al- 
lows gas from the fixed volume reservoir or chamber 40 
to be injected into the plastic material. This is shown in 
Box 76. The gas from the fixed volume reservoir enters 
the plastic material at a substantially low pressure, only 
overcoming the mold wall friction and slight plastic cool- 
ing. This forms an initial hollow chamber or void in the 
plastic material, and prevents the plastic from passing or 
"bursting" through the plastic material into the mold cav- 
ity. 

[0040] Once all of the gas from the fixed volume reservoir 40 is 
introduced into the mold, the injection of the plastic ma- 
terial from the injection molding machine is continued 
until the mold is completely filled. This is shown in Box 
78. Preferably, there is no hesitation or stoppage of the 
plastic injection during the introduction of the gas from 
the reservoir 40. Instead, the gas is simply introduced 
from the reservoir while the plastic injection is taking 
place. Once the mold is completely filled, additional plas- 
tic material is packed into the mold cavity in a conven- 
tional manner. This is shown in Box 80. 

[0041] Pressurized gas from the pressure controller 32 is then 



introduced via conduit 33 into the molded part through 
the gas pin 24. The one-way check valve 52 in conduit 48 
prevents gas from the pressure controller from being di- 
rected into the fixed volume reservoir. The introduction of 
the pressurized gas into the molded part is shown in Box 
82. 

[0042] The volumetric cylinder which is the fixed volume reser- 
voir 40 is then recharged with gas from the pressure con- 
troller. The controller 42 closes the valve 46 and opens 
the valve 44 allowing the pressure controller to fill the 
fixed volume reservoir and establish a preset volume of 
gas for the next cycle. This is shown in Box 84. 

[0043] Once the plastic material in the mold cavity has suffi- 
ciently cooled and solidified, the gas is vented or ex- 
hausted from the mold cavity. This is shown in Box 86. 
The gas can be vented from the mold cavity in any con- 
ventional manner, such as being vented or exhausted 
back through the gas pin 24. 

[0044] The mold is then opened, as shown in Box 88 and the part 
is ejected from the mold cavity, as shown in Box 90. The 
part is ejected from the mold cavity in any conventional 
manner, such as by the use of one or more ejector pins 
(not shown). Thereafter, the plastic injection molding cy- 



cle is repeated, as shown in Box 92. At this point, the 
fixed volume reservoir 40 has been recharged and the 
mold 12 has been closed again, such that the plastic in- 
jection molding process can be initiated again. 

[0045] The embodiment of the inventive system and process as 
described above is shown schematically in Figures 3A-3E. 
In these figures, a portion of the mold cavity 14 is shown, 
along with the map pocket 18 and associated rib member 
20. The plastic material which is injected into the mold 
cavity from the injection molding machine is schematically 
shown by reference numeral 100, the gas which is intro- 
duced into the mold cavity by a gas pin is shown 
schematically by the reference numeral 102 and the ther- 
mocouple which is positioned adjacent the gas pin is 
shown schematically by reference numeral 104. 

[0046] As shown in Figure 3A, after the mold is closed, the injec- 
tion of plastic material 120 is initiated. The plastic mate- 
rial 120 initially fills a portion of the map pocket area in 
the mold cavity as shown. Thereafter, as shown in Figure 
3B, the temperature of the plastic material 120 has been 
read by the thermocouple 104, and the gas from the fixed 
volume reservoir has been injected into the rib member 
20. The hollow portion in the plastic material in the rib 



member formed by the gas from the fixed volume reser- 
voir is shown by the reference numeral 110. 

[0047] As additional plastic material 120' is forced into the mold 
cavity by the injection molding machine, the gas from the 
fixed volume reservoir which forms the initial hollow por- 
tion 110 expands as shown to form a larger hollow cavity 
110'. This is depicted in Figure 3C. 

[0048] Thereafter, as the plastic material completely fills the 

mold cavity 14 forming the door panel 16 and completing 
the formation of the map pocket 18, as shown in Figure 
3D, the hollow portion 110" forms the desired full-length 
hollow cavity in the rib member. The plastic material is 
then packed in the mold cavity, completely forming and 
filling the door panel component 16. 

[0049] Finally, as shown in Figure 3E, pressurized gas is injected 
through the gas pin from the pressure controller 32 which 
increases the pressure of the gas in the hollow chamber 
110". This forces the plastic material against the walls of 
the mold cavity in the area of the rib member 20. 

[0050] The primary purpose of the temperature sensor is to de- 
tect the flow of molten plastic in the mold cavity. The sen- 
sor is positioned and calibrated such that a sufficient vol- 
ume of plastic material is present in the mold cavity so 



that gas from the fixed volume cavity can enter the plastic 
material in a smooth and uninterrupted manner and will 
not "blow out" through the melt front. This also insures 
that there will not be any hesitation marks on the molded 
product. 

[0051] | n accordance with the present invention, it is also possi- 
ble to use other types of sensing devices to sense the flow 
of plastic material and initiate the injection of the fixed 
volume of gas. For example, fiber optic sensors or mirrors 
could be utilized. Either of those could be positioned in 
the mold cavity and utilized in a control system to trigger 
the release of the first volume of gas. If a fiber optic 
member was utilized, it should be positioned flush with or 
above the surface of the mold cavity in order to detect the 
presence of plastic material. 

[0052] with the first gas volume being supplied from a fixed vol- 
ume reservoir or chamber, the gas pressure in the hollow 
void formed in the plastic material will decrease as the gas 
is injected and contained in the plastic material. This 
eliminates the possibility of the gas overcoming the in- 
jected plastic as it is being injected and causing a blow 
out. 

[0053] one preferred embodiment of a gas pin member and as- 



sociated thermocouple member is shown in Figure 4. The 
gas pin member 24A is positioned in a bore or cavity 130 
in the mold 12. The gas pin member 24 includes an outer 
shank member or body member 132 and an inner shaft 
member 134. Shaft member 134 is secured in the outer 
body member 132 by mating thread members 136. The 
upper end 132A of the body member 132 and upper end 
134A of the shaft member 134 are machined in order to 
create a small annular opening D, as shown in Figure 4B. 
The opening D allows the gas to be injected into the mold 
cavity 14, but is too small to allow plastic material to en- 
ter back into the gas pin. 

[0054] The outer body member 132 which is preferably cylindri- 
cal is received and secured in an insert or bushing mem- 
ber 138 by a series of mating thread members 142. Seal 
members, such as O-Ring member 144 are used to seal 
the gas pin member 124 in the insert member 138. 

[0055] a thermocouple 60 is positioned in a bore or channel 150 
in the insert member 138. Thermocouple 60 is preferably 
positioned adjacent the gas pin member 24, as well as 
adjacent the entry of the plastic material into the mold 
cavity, in order to effectively read the temperature of the 
melt front and trigger the release of the low pressure gas 



from the fixed volume reservoir 40. In this regard, the 
thermocouple member 60 can be positioned at any de- 
sired or acceptable distance 152 from the surface of the 
mold cavity 14. The distance 152 is selected depending 
on many factors, such as the type of plastic material being 
utilized, the shape of the component, the size of the mold 
cavity and the hollow portion, and the like. The thermo- 
couple is connected by an appropriate electrical conduit 
or lead 154 to the controller 42. 

[0056] | n order to allow gas from the conduit or channel 33 to 

pass through the outer body member 132 and around the 
inner shaft member 134, one or more openings or "flats" 
160 are provided on the lower end 134B of the shaft 
member 134. This is shown in Figure 4A. 

[0057] | n order to allow the thermocouple 60 to be accurately 
positioned relative to the surface of the mold cavity for 
various parts and materials, it is possible to provide a 
mechanism which allows movement of the thermocouple 
in its channel or bore. This is shown in Figure 5. The ther- 
mocouple 160 is positioned in bore or cavity 162 and is 
moveable by mechanism 164 in the direction of the ar- 
rows 166. The surface of the mold cavity is shown by ref- 
erence numeral 14'. 



[0058] Another embodiment of the present invention is shown in 
Figures 6 and 7. In this embodiment 175, thermocouple 
member 180 is included as part of the gas pin member 
182. The gas pin member 182 is positioned in mold 184 
with its upper end 182A protruding into the mold cavity 
186. Gas is introduced into the gas pin member 182 
through channel or conduit 188. 

[0059] | n the embodiment 175 illustrated in Figure 6, the plastic 
material 190 is injected from the injection molding ma- 
chine nozzle 192 into the mold cavity 186 through a run- 
ner 194. Plastic material in the mold cavity is shown in 
Figure 7 and indicated by the reference numeral 190'. 

[0060] By utilizing a pre-charged volume cylinder of gas with a 
flow control and check valve in conjunction with a ther- 
mocouple (or other temperature sensing device) located in 
the mold, the plastic material is displaced from the thicker 
section of the mold cavity into the nominal wall without 
gas permeation into the nominal wall. The volume control 
system is separated from the pressure control system by 
one or more check valves. 

[0061] while the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms, processes and procedures which 



have been described are merely illustrative of the princi- 
ples of the invention, numerous modifications may be 
made to the methods and apparatus described without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 



